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The microprocessor-based medical pump (10) has a number of 
manual controls. -The operation of this pump requires the 
attachment of a magnetic label (30) to the front of the pump. This 
magnetic label includes a given number of strong permanent 
magnets In a predetermined configuration which indicate the 
pharmaceutical product type and concentration to be infused. The 
magnetic label also changes the visual scales around the manual 
controls. Hall Effect sensors read the predetermined configuration 
and send the data to the microprocessor which also reads the manual 
controls. 

Using the predetermined configuration data and the manual, 
control data, the microprocessor determines the desired infusion; 
parameters. i 
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© Infusion parameter control for a medical pump. 

© This invention relates to a microprocessor-based 
medical pump (10) with a number of manual con- 
trols. The operation of this pump requires the attach- 
ment of a magnetic label (30) to the front of the 
pump. This magnetic label includes a given number 
of strong permanent magnets in a pro-determined 
configuration which indicate the pharmaceutical 
product type and concentration to be infused. The 
magnetic label also changes the visual scales ar- 
ound the manual controls. Hall Effect sensors read 
the pre-determined configuration and send the data 
to the microprocessor which also reads the manual 
^controls. Using the pre-determined configuration 
*data and the manual control data, the microproces- 
Dsor determines the desired infusion parameters. 
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MEDICAL PUMP WITH INFUSION CONTROLLED BY A DETACHABLE CODED LABEL 



Background of the Invention 



Field of Invention 

The present invention relates to a medical 
pump which has its pumping rate and pumping 
interval controlled by a magnetic label. This label 
visually alters the scales on the various manual 
controls, and. via the positions of magnets which 
are sensed by Hall Effect sensors within the pump, 
communicates a value to the pump which takes 
into account various factors relating to the desired 
pharmaceutical product infusion. 



Description of the Prior Art 

Medical pumps with infusion parameters con- 
trolled by manual dial settings, microprocessors, 
and electrical devices are well-known in the prior 
art For example. U. S. Patent Nos. 3.701.345 and 
4.320.757 disclose apparatus with electrical drive 
systems for injecting controlled amounts of fluid 
into a patient. However, these references require 
the user to be cognizant of several variables such 
as the concentration of the pharmaceutical product 
within solution, the desired infusion rate of the 
pharmaceutical product, the weight of the patient, 
the total amount of pharmaceutical product desired 
to be injected into the patient either on a total or 
per unit of weight or mass, and even the cross- 
sectional area of the plunger of the ampule so as to 
calculate a desired velocity and total displacement 
of the plunger within the ampule of the syringe. 
Moreover, the user would have to be cognizant 
even of the units of ail of these variables so as to 
not make a calculative error. Any of these calcula- 
te errors could be disastrous to the patient. 

References which show an injection system 
with a programmable means responsive to a key- 
board include U. S. Patent Nos. 4,529.401; 
4.624,661: 4,681.563; and 4.722.734. However, 
these systems still require several keystrokes on 
the part of medical personnel with a wide range of 
skill levels, some of whom may find such a 
computer-like device intimidating. Further, the ex- 
haustion and hurried pace of many medical situ- 
ations are not conducive to the consistently ac- 
curate programming needed for such devices. Fur- 
ther, the difficulty in operating these devices is 
compounded when, after the infusion starts, medi* 
cal personnel realize that the dose must be ad- 
justed to accommodate the patient's metabolism. 



tolerance, and sensitivities with respect to the phar- 
maceutical product being infused. 

U. S. Patent No. 4.741.732 uses a complicated 
programming scheme to effect generalized infusion 

5 rate profiles of a pharmaceutical product so as to 
maintain a constant pharmaceutical product con- 
centration within the patient This device may still 
have the deficiencies listed in the previous para- 
graph in that a manual entering of all of the data 

w needed for a particular fharmaceutical product 
concentration, patient body weight, plunger cross 
section is very error prone for exhausted or hurried 
medical personnel. These deficiencies are mitigat- 
ed, only in part by including an EPROM 

is (electrically programmable read-only memory) 
which includes instructions and/or data in machine 
or object language form relating to the general 
characteristics of the desired time-dependent infu- 
sion rate profile. Even when using the EPROM 

20 device, this device is complicated and is directed 
more toward delivering complex time-dependent 
infusion rate profiles rather than providing a simple, 
"user-friendly" device with visually verifiable con- 
trols, for infusing a given dose of a pharmaceutical 

25 product to a patient. 



Objects and Summary of Invention 

30 It is therefore an object of this invention to 
provide an apparatus for infusing a wide variety of 
narcotics, muscle relaxants and vasoactive phar- 
maceutical products into a patient wherein the pa- 
rameters relating to the infusion are programmed 

35 by the user into the device. 

It is therefore a further object of this invention 
that the programming of these infusion parameters 
is simple and not intimidating. 

It is therefore a further object of this invention 

40 that the programming of these infusion parameters 
is easy to verify visually. 

It is therefore a further object of this invention 
that the user is able to vary the infusion rate 
manually after the initial programming so as to 

45 accommodate the patient's metabolism, tolerance, 
and sensitivities with respect to the pharmaceutical 
product being infused. 

It is therefore a still further object of this inven- 
tion that the apparatus be adaptable to a broad 

so range of infusion applications. 

The control device of the present invention 
includes three knobs which are related to infusion 
parameters, the first knob is set according to the 
desired infusion rate of the pharmaceutical product, 
the second knob is set according to the body 
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weight of the patient, and the third knob is set 
according to a bolus, or the total amount of phar- 
maceutical product desired by unit weight of the 
patient. A microprocessor uses these variables to 
calculate a desired infusion flow, velocity of the 
plunger, total bolus volume, and bolus duration. 

A fourth knob is used to set the mode of 
operation, such as "purge", "off", "stop/confirm", 
"bolus start" and "infuse". A five-digit liquid crystal 
display and several light emitting diodes indicate 
the mode of operation and the total volume infused. 

In order for this device to accommodate infu- 
sion of various pharmaceutical products of different 
concentrations, and ranges of infusion rates, a dif- 
ferent magnetic label is manufactured for each 
pharmaceutical product configuration. These labels 
spell out the pharmaceutical product name and 
concentration. These labels fit over the front panel 
of the pump control unit, around the knobs, so as 
to alter the visual scales of the desired infusion 
rate, bolus, and possibly patient weight knobs. So 
that the new pharmaceutical product parameters 
and altered scales are properly taken into account, 
magnetic devices are embedded within predeter- 
mined sections of the labels. The position and 
polarity of these devices are related to the afore- 
mentioned parameters and scales and are sensed 
by Hall Effect sensors within the pump control 
device. A microprocessor within the pump control 
device uses the positions to which the knobs are 
set along with the information from the Hall Effect 
sensors to determine the desired infusion flow, 
plunger velocity, total bolus volume and bolus du- 
ration. 



Brief Description of the Drawings 

Figure 1 is a front perspective view of the 
pump and the magnetic label of present invention. 

Figure 2 is a front perspective view of the 
pump of the present invention, along with an at- 
tached syringe shown in phantom. 

Figure 3 is a rear plan view showing the 
magnetic data devices of the magnetic label of the 
present invention. 

Figure 4 is a block diagram of the 
microprocessor-based control system of the 
present invention. 

Figure 5 is an exploded view of the pump 
control unit and the magnetic label system. 

Detailed Description of the Preferred Embodiment 



Referring now to the drawings in detail wherein 
like numerals indicate like elements throughout the 
several views, Apparatus 10 is disclosed in Figure 



1. The front plate 12 of apparatus 10 has four 
knobs-an infusion rate knob 14. a body weight 
knob 16. a bolus knob 18, and an operational mode 
selection knob 20. 
5 The operational mode selection knob 20 has 

"Off". "Purge", "Stop/Confirm". "Infuse", and 
"Bolus Start" settings. 

A two position switch 21 is used to select the 
syringe type. The preferred embodiment allows 
70 only for standard twenty or sixty cubic centimeter 
(cc) syringes, although those skilled in the art will 
realize that more positions could be allowed or that 
scaling factors proportioral (or inversely propor- 
tional) to the plunger crols section of the syringe 
rs could be incorporated into the information encoded 
into the label 30. 

Additionally, the front plate 12 of apparatus 10 
includes an "Infusing" light emitting diode .22, an 
"Attention" light emitting diode 24, a "Bolusing" 
20 light emitting diode 26. and a five-digit liquid cry- 
stal display 28. 

Figure 1 also shows the magnetic label 30. 
Magnetic label 30 includes an alphanumeric listing 
32 of the pharmaceutical product type and con- 
25 centration in bold print. Magnetic label 30 also 
includes three apertures 34. 36. 38 which are out- 
lined, respectively, by scales 40. 42. 44. for infu- 
sion rate, body weight and bolus, respectively. 
Aperture 34. for the infusion rate knob 14, has 
30 scale 40 in units of milligrams of pharmaceutical 
product per kilogram of patient body weight (or 
mass) per minute. This may be replaced with mil- 
liliters of pharmaceutical product per kilogram of 
patient body weight per minute, milligrams of phar- 
os maceutical product, or milliliters of pharmaceutical 
product. The milliliters or milligrams refers to the 
active pharmaceutical product contained within the 
solution of the syringe 11 and not to the volume or 
mass of solution. 
40 Aperture 36, for the patient body weight (or 
mass) knob 16, has a scale 42 in units of kilo- 
grams. As will be described in more detail later, 
this knob 16 will be active only when the units of 
infusion rate and bolus are on a per unit patient 
45 weight basis. 

Aperture 38. for the bolus knob 18. has a scale 
44 in units of total milligrams of pharmaceutical 
product infused per kilogram of patient body 
weight. This may be replaced with milliliters of 
5o pharmaceutical product per kilogram of patient 
body weight milligrams of pharmaceutical product, 
or milliliters of pharmaceutical product. Again, the 
milliliters or milligrams refers to the active phar- 
maceutical product contained within the solution of 
55 the syringe 1 1 and not to the volume or mass of 
solution. 

The ranges of these scales 40, 42. and 44 are 
chosen so as to be appropriate for the pharmaceu- 
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ticat product typo and concentration which is speci- 
fied on alphanumeric listing 32. Further, the units of 
these scales, particularly infusion rate and bolus 
(which may be given in units using milliliters or 
milligrams, and on a total or per patient body 
weight basis) are chosen in accordance that asso- 
ciated with the particular pharmaceutical product 
and solution of interest If the units of infusion rate 
and bolus are given on a total basis rather than a 
per unit of patient body weight then the scale 42 
for body weight is labelled "Inactive*. 

Similarly, for some "Infusing* modes, as op- 
posed to "Bolusing* modes, where either the body 
weight or bolus scales 42, 44 are unnecessary in 
that the pharmaceutical product is to be infused at 
a certain rate for an indefinite time period, these 
scales are changed to low infusion rate scales, 
while the infusion rate scale 40 is changed to a 
high infusion rate scale. As will be described in 
more detail, the user sets one of the infusion rate 
scales to zero, and the other to the desired high or 
low infusion rate. 

Front plate 12. or other closely related struc- 
tural elements of apparatus 10 have ferrous or 
similar components so that the label 30 can mag- 
netically attach to apparatus 10. 

Figure 2 discloses the front of apparatus 10 at 
such an angle to disclose syringe 11 attached to 
apparatus 10 by clip 13. Plunger driver 23 engages 
the plunger of syringe 11 and is mechanically 
driven by drive mechanism 70 {see Figure 4) to 
expel the pharmaceutical product The engagement 
of this pump apparatus 10 to the syringe 11 and 
the mechanical details of the drive mechanism 70 
are disclosed in commonly assigned application 
088.808, filed August 24. 1987 and allowed Sep- 
tember 2. 1988. Those skilled in the art will realize 
that several different methods for engaging syringe 
11 are possible without departing from the scope of 
this invention. 

Magnetic label 30, in addition to having mag- 
netic properties throughout its structure, also in- 
cludes apertures 46. 48. and 50 in its rear portion 
into which strong Samarium Cobalt (rare earth) 
magnets may be inserted as shown in Figure 3. 
Figure 3 shows magnets 51 and 52 placed into 
apertures 48 and 50. The position and polarity of 
magnets 51 and 52 within apertures 46. 48. and 50 
are related to the pharmaceutical product concern 
tration (as spelled out by alphanumeric listing 32). 
the adjustments necessary to compensate for the 
changes between scales listed on front plate 12 
around knobs 14. 16. and 18 and the scales 40. 42. 
and 44 on magnetic label 30. and any other vari- 
ables which those skilled in the art may realize are 
necessary for the proper calculation of desired 
infusion flow, plunger velocity, total bolus volume 
and bolus duration. 



As previously described, this particular em- 
bodiment uses three possible magnet locations 
(that is apertures 46, 48 and 50), wherein each 
magnet has one of two possible polarities. Magnets 

5 of a single strength within a given tolerance are 
used. In order to provide a method for verifying the 
integrity of the label, magnets 51. 52 must be 
inserted into exactly two of the apertures 46, 48 
and 50. Further, the apparatus 10 will not operate 

w unless a label 30 with exactly two magnets 51. 52 . 
are placed upon the apparatus in a position as 
shown in Figure 3. 

This allows for 12 possible combinations of 
placement and polarity (a factor of three for choos- 

rs ing two out of three apertures and two factors of 
two, one for each polarity selection). Those skilled 
in the art will realize that more locations or levels of 
magnetic strength are possible in order to allow for 
more possible combinations without departing from 

20 the scope of this invention.- Those skilled in the art 
will also realize that a single combination of mag- 
nets will suffice for more than one combination of 
the aforementioned variables. For instance, all oth- 
er things being equal, different concentrations of 

25 pharmaceutical products could be compensated for 
by different scales on the magnetic label 30 without 
changing the configuration of magnets 51, 52 within 
apertures 46. 48. and 50. 

The dimensions of magnetic label 30 and the 

30 diameter and spacing of aperture 34. 36 and 38 are 
chosen so that magnetic label 30 can fit over front 
plate 12 as shown in Figure 1. thereby altering the 
scales which are visually associated with knobs 14, 
16. and 18. 

35 Those skilled in the art will realize that other 
methods of communication from the label 30 to the 
apparatus 10 are available. These methods include: 



40 1 . Pins and Connectors 

Pins or connectors could be attached and cod- 
ed on a PC board to which the label is attached. 

45 

2. Optoelectronics 

The label could incorporate reflective or trans- 
missive optoelectronics. For example, such a re- 
so flective system would have a reflective code on the 
label. A sensor and emitter combination would be 
installed in the pump and would be focused on the 
rear of the label therby reading the code. 

55 

3. Microswitch and Pin 

Microswitches could be installed in the pump 
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plied together with each other. Those skilled in the 
art will also realize that since products of various 
factors are retrieved from the non-volatile memory 
of microprocessor 68. that a single product is ap- 
plicable to many individual configurations of the 
various factors. 

Factor 6 is obtained by using the position of 
syringe type switch 21 feeding into microprocessor 
66. 

The microprocessor 66 then communicates the 
values of plunger velocity, infusion flow, total bolus 
volume and bolus duration to the drive mechanism 
74 of the syringe 11. Further, microprocessor 66, 
using the position of knobs 14, 16. 18. 20. and 
feedback information from the drive mechanism 74 
of the syringe 11 to operate light emitting diodes 
22. 24. 26. liquid crystal display 28, and audible 
alarm 29. 

Drive mechanism 74 includes motor 76. motor 
pulse width modulated driver 78. motor brake 80. 
primary encoder 82 and secondary encoder 84. 
Motor pulse width modulated driver 78 is respon- 
sive to pulses from microprocessor 66. Motor 76 is 
responsive to motor pulse width modulated driver 
78. Motor 76 drives the plunger driver 23 which, in 
turn, drives syringe 11. Motor speed is corrected 
as the microprocessor 66 reads the primary en- 
coder 82 and adjusts the pulse width modulated 
speed control algorithm within microprocessor 66 
for the proper speed. The secondary encoder 84 
monitors the rotation of the ieadscrew (not shown) 
of motor 76 and is used for safety purposes, such 
as primary encoder failure. Motor brake 80 is used 
to decrease coasting of the motor 80 and to pre- 
vent backward motion thereof. 

. Figure 5 shows a detailed exploded view of 
apparatus 10. Magnetic label 30 includes a front 
sheet 84 glued over a flexible magnetic sheet 86. 
into which strong magnets 50, 51 are placed. Rear 
sheet 88 is glued over the rear of the label 30. 
Knobs 14, 16. 18 and 20 are inserted into front 
plate 12 which is backed by steel foil 90 and 
plastic cover 92. A Hall Effect PC board 94 with 
Hall Effect Sensors 54-59 is sandwiched between 
plastic cover 92 and switch PC board 96 which 
contains most of the electronics including micro- 
processor 66. All of this fits into pump body 98. 

To use this apparatus 10. a user is supplied a 
syringe 1 1 and a magnetic label 30 from a phar- 
maceutical manufacturer. Magnets have been 
placed into apertures 49. 48. and 50 of the mag- 
netic label 30 in a configuration which will ensure 
proper calculation of the pumping time and rate. 
The user places the syringe 11 into the drive 
mechanism 70 and the magnetic label 30 onto the 
apparatus. As previously stated, exactly two mag- 
nets must be in the label 30 and the label 30 must 
be placed onto the apparatus 10 for the apparatus 



10 to operate. The user sets the operational mode 
selection knob 20 to the "Stop/Confirm" position. 
LCD 28 will then display a label identification code. 
The user verifies that this matches the label iden- 

5 tification code on the alphanumeric listing 32 of 
label 30. The user rills a 20 or 60 cc (cubic 
centimeter) syringe 11 with the amount of phar- 
maceutical product required. The user confirms 
that the concentration of the pharmaceutical prod- 

io uct or infusate matches the concentration listed on 
the alphanumeric listing 32 of label 30. The user 
attaches tubing (not shown) to the syringe 11. and 
attaches the syringe 11 to <j|ip 13 and to plunger 
driver 23. The user uses fcrior art practices to 

is attach a flow set (not shown) to the syringe 11 and 
to remove air from the line. etc. The user turns the 
operational mode selection knob 20 to the "purge* 
position until fluid flow occurs. The "purge" posi- 
tion should not be used while the apparatus 10 is 

20 connected to the patient. The flow set (not shown) 
is attached to the patient's primary I. V. line (not 
shown). 

The user then, depending upon the functions 
and values encoded into the label 30. enters into 

25 one of three modes: 

1. Delivery of an infusion based on an Infusion 
rate given by body weight with the capability of 
giving a loading dose or supplemental bolus dose. 
The user sets the patient weight knob 20 and 

30 the infusion rate knob 14 and sets the operational 
mode selection knob 20 to "Infuse". The micropro- 
cessor 66 will choose a plunger velocity 

The user sets the patient weight knob 20 and 
the infusion rate knob 14 and sets the operational 

35 mode selection knob 20 to "Infuse". The micropro- 
cessor 66 will choose a plunger velocity but will 
nob limit the infusion to a given time or volume. 
The "Infusing" LED 22 will go on, the LCO 28 will 
incrementally display the amount of pharmaceutical 

40 product delivered. The infusion will stop when the 
user turns the infusion rate knob 14 to "0", when 
the user turns the operation mode selection knob 
20 to Stop/Confirm, or when the syringe 11 is 
empty. 

45 To administer a loading dose or supplemental 
bolus, the user set the desired dose on the Bolus 
knob 18, and rotates the operational mode selec- 
tion knob 20 to "Bolus Start". The user releases 
the knob 20, which is spring loaded in this position. 

so when a short audible beep is generated by audio 
driver 67. The "Bolusing" Light Emitting Diode 26 
wilt flash as an indicator of normal bolus delivery. 
The Liquid Crystal Display 28 will count upward (on 
a per kilogram of patient body weight basis) to 

5$ show the status of the present bolus. To terminate 
a bolus, the user rotates the operational mode 
selection knob 20 to "Stop/Confirm". Once a bolus 
is initiated, changes to the patient weight knob 16 
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or bolus knob 18 will not affect the bolus. 

2. The delivery of infusion based on high and 
tow rates independent of body weight other knob 
to the desired value, depending upon whether a 
high or low infusion rate is desired. The user then s 
turns the operational mode selection knob 20 to 
"Infuse*. The "Infusing" Light Emitting Diode 22 

will flash and the Liquid Crystal Oisplay 28 will 
begin incrementing to indicate the amount of phar- 
maceutical product delivered. To change the rate. w 
the user rotates either infusion rate knob to a new 
position. To stop an infusion, the user either sets 
both infusion rate knobs to zero, or turns the oper- 
ational mode selection knob 20 to "Stop/Confirm". 

3. The- delivery of an infusion based on high is 
and low infusion rates given by weight 

In this mode, the Infusion Rate Scale 40 and 
Bolus Scale 42 are replaced by a High Infusion 
Rate and a Low Infusion Rate Scale, respectively. 
The user sets one of these knobs to zero, and the 20 
other knob to the desired value, depending upon 
whether a high or low infusion rate is desired. The 
user sets the patient weight on patient weight knob 
14. The user then turns the operational mode se- 
lection knob 20 to "Infuse". The "Infusing" Light 25 
Emitting Diode 22 will flash and the Liquid Crystal 
Display 28 will begin incrementing to indicate the 
amount of pharmaceutical product delivered. To 
change the rate, the user rotates either infusion 
rate knob to a new position. To stop an infusion. 30 
the user either sets both infusion rate knobs to 
zero, or turns the operational mode selection knob 
20 to "Stop/Confirm". 

The apparatus 10 has the following warning 
indicators: 3$ 

1. End of Syringe or Occlusion—This is in- 
dicated by a pulsating audible alarm from audio 
driver 67 and flashing "Attention* Light Emitting 
Diode 24. Liquid Crystal Display 28 will indicate 
which conditions exists. 40 

2. Low Battery-This is indicated by a flash- 
ing "Attention" Light Emitting Diode 24 without 
activating audio driver 67. Liquid Crystal Display 28 
will indicate this condition. 

3. Internal Fault-This is indicated by an au- 45 
dible alarm from audio driver 67 and all light emit- 
ting diodes 22. 24 and 26 coming on simulta- 
neously. 

4. Improper Switch Position-lf any switch or 
knob is left in or held in a position between actual so 
selections for over one-half second, the apparatus 

10 will alarm with three short audible beeps from 
audio driver 67. The apparatus 10 will continue to 
infuse at the previously chosen rate. Repositioning 
the switch to the proper location will terminate the ss 
alarm. 

Thus the several aforementioned objects and 
advantages are most effectively attained. Although 



a single preferred embodiment of the invention has 
been disclosed and described in detail herein, it 
should be understood that this invention is in no 
sense limited thereby and its scope is to be deter- 
mined by that of the appended claims. 

Thus the several aforementioned objects and 
advantages are most effectively attained. Although 
a single preferred embodiment of the invention has 
been disclosed and described in detail herein, it 
should be understood that this invention is in no 
sense limited thereby and its scope is to be deter- 
mined by that of the appended claims. 

r 

Claims 

1. An apparatus comprising: 
pumping means: 

means for controlling operation of said pumping 
means; 

indicator means which includes information in a 
pre-arranged configuration for a selected mode of 
pump operation, wherein said control means 
senses said pre-arranged configuration when said 
indicator means is placed adjacent to said control 
means and wherein said control means controls 
said pumping means in accordance with said pre- 
arranged configuration. 

2. The apparatus of Claim 1 wherein said in- 
formation is encoded by positioning of magnets. 

3. The apparatus of Claim 2 wherein said 
means for controlling said pump operation further 
include manual controls. 

4. The apparatus of Claim 3 wherein said in- 
dicator means includes visual scales for said man- 
ual controls when said-indicater means is placed 
adjacent to said control means, wherein said visual 
scales in accordance with said pre-determined con- 
figuration and wherein said controlling means uses 
said pre-arranged configuration to alter its calcula- 
tions in accordance with visual scales. 

5. The apparatus of Claim 4 wherein said in- 
dicator means is held in position adjacent to said 
control means by magnetic means. 

6. The apparatus of Claim 5 wherein said con- 
trol means further includes Hall Effect sensors 
which sense said pre-arranged configuration of said 
permanent magnets. 

7. The apparatus of Claim 6 wherein said Hall 
Effect sensors sense the polarity of said permanent 
magnets in sard pre-arranged configuration. 

8. The apparatus of Claim 7 wherein said 
pumping means drives a medical syringe. 

9. The apparatus of Claim 8 wherein said con- 
trol means includes a microprocessor. 

10. The apparatus of Claim 8 wherein said 
control means allows said pumping means to op- 
erate only if a predetermined number of said per- 
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manent magnets are in said pro-determined con- 
figuration. 

11. The apparatus of Claim 8 wherein said 
pumping means can run at a constant flow rate. 

12. The apparatus of Claim 8 wherein said s 
pumping rate can run at a constant flow rate for a 
given period. 

13. The apparatus of Claim 8 further including 
lights for indicating the mode of operation of said 
apparatus. 10 

14. The apparatus of Claim 8 further including 
a multi-character display for indicating total flow 
• from said pumping means. 

15. The apparatus of Claim 12 wherein said 
manual controls include a patient weight control is 
knob, wherein said given period is determined from 

a setting of said patient weight control knob. 
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